channels.

Summary
Direct support for this hypothesis is, however, still lacking, because so far no approach has allowed simulIntracellular calcium concentration rises have been taneous evaluation of GABA-induced changes of the reported following activation of GABA A Figures 1B and 1C , the dendritic responses rose earlier than the somatic and cell potential changes can be simultaneously inferred from cell-attached measurements, provided that one and reached higher and earlier peak values. Furthermore, dendritic responses were commonly associated the voltage dependence of BK channels is corrected for. In the control period, spikes and BK single channel with fluctuations, which were observed both following the initial peak and during the plateau (Figures 1B and  currents were 3E ; ϪV o increases as Ca i increases). In the example week, which corresponds to the stabilization of E Cl at a hyperpolarized level. However, we found strong Ca i shown, V c started from a resting value of Ϫ68 mV. It depolarized to a peak value of Ϫ57 mV after 8.7 s of responses elicited in MLIs up to PN20, without any significant dependence of the response on age up to that muscimol application ( Figure 3F ). It then declined back to around Ϫ70 mV while muscimol was still applied, and stage ( Figure 1E ). These results show that GABA A Rs can elicit somatodendritic Ca i responses much later in it hyperpolarized further for some time after the end of the application. ϪV o increased during the first phase of development than hitherto suspected.
Similar results were obtained when filling the puffer the V c response, indicating a Ca i rise ( Figure 3G ). However its time course was different from that of V c . A first solution with 50-100 M GABA, either in normal external solution or after addition of the GABA B R blocker CGP maximum (arrows) was reached shortly after the peak of V c and was followed by a secondary sustained Ca i 54626 (1 M) to the bath solution (peak somatic response: 78% Ϯ 20%, n ϭ 4, when using 50-100 M rise, which peaked after the end of the application and 
05). This difference is expected since with Tests of the Osmotic Tension Hypothesis
We tested the osmotic tension hypothesis in three differmuscimol stimulations some time is needed to build up internal osmotic tension. Taken together, these observaent ways. First, we applied a hypoosmotic solution (200 mOsm instead of 298 mOsm in control saline), aiming tions suggest that GABA A R stimulation and osmotic tension increase Ca i by a similar mechanism. at mimicking the osmotic tension condition brought about by muscimol. We found that, as reported earlier In order to optimize spatial resolution, we used a homemade two-photon Ca i imaging system (Tan et al., 1999), and peak response amplitude (58% Ϯ 15%, n ϭ 4, versus 87% Ϯ 21% for muscimol; Figure 6B ). As in muscimol and we restricted the pixel size to 50 nm ( Figure 7A ). We failed to measure any significant change in somatic responses, dendritic responses to hypoosmotic stimuli were earlier, larger, and more variable than somatic rediameter, but we found an increase in dendrite diameter significant osmotic expansion of MLI dendrites. The initial rate of osmolarity increase, calculated for a rise time of 5 s (see time course in Figure 7C ), is about 10 mOsm/s. Finally, we examined the effects of pretreating the preparation with a hyperosmotic solution. Cells are known to shrink following exposure to a hyperosmotic solution and therefore should be less sensitive in this state to subsequent osmotic stimulations. In accord with this view, we found that cells that had been placed for a few minutes in a 350 mOsm solution, obtained by adding 50 mM sucrose to the normal saline, failed to display any Ca i response (n ϭ 5; puffer pipettes were filled with the 350 mOsm solution supplemented with muscimol; results not shown). Two of these cells were first examined in normal saline, where they displayed the usual Ca i response. These experiments are consistent with the prediction of the osmotic tension hypothesis. However, it could not be excluded that sucrose was acting by some mechanism downstream of osmotic changes, because in the two cells that were challenged first with muscimol in isoosmotic saline, the basal Ca i was found to increase by, respectively, 20% and 50% as sucrose was applied, while the Ca i response was gradually abolished.
Synaptically Activated Ca i Response
We next asked whether a Ca i response could be elicited by stimulating afferent GABAergic fibers with an extracellular pipette. Preloading of an MLI was performed as before, with some important modifications (see Experimental Procedures). Trains of extracellular stimulations, 0.5-5 s in duration, were delivered at 50 Hz, with intervals between trains of about 10 min. As before, the entire experiment was performed in the presence of NBQX and APV. During the trains, we imaged the dendritic tree in the hope of monitoring a Ca i response at the postsynaptic site. In four out of ten cells, a localized Ca i response was obtained, with a delay of 0.9 Ϯ 0.2 s. In two of these four recordings, including the example shown in Figure 8 , we could maintain the response long enough to perform a complete pharmacological analysis. In both cases, the response was blocked by 3-5 M (21.1 Ϯ 3.9 m/s, n ϭ 4, and 13.8 Ϯ 4.8 m/s, n ϭ 5, respectively; p Ͼ 0.05). Also, the peak amplitudes of the response were similar for synaptic stimulation (151% Ϯ (Figures 7B and 7C) , amounting on average to 8.4% Ϯ 2.7% (n ϭ 8 dendritic regions from three cells; p Ͻ 0.05; 51%, n ϭ 4) and for muscimol applications (130% Ϯ 30%). These observations suggest common underlying muscimol data were taken 2-10 s after the onset of the drug application). By taking the square of this increase, mechanisms for the two types of stimulation. The main difference was that responses to synaptic stimulation a dendritic volume increase of 17.5% can be calculated. Assuming isoosmotic volume increase, this correwere restricted to one or two dendrites, whereas those to muscimol spread over the entire somatodendritic dosponds locally to the entry into the cell of 0.175 ϫ 298 ϭ 52 mOsm. Thus, muscimol applications do lead to a main. This is however easily explained by the fact that, GABA-sensitive channels, E GABA , is on average Ϫ58 mV (Chavas and Marty, 2003), lower than the threshold for HCO 3 Ϫ of Ϫ12 mV (calculated supposing that the intracellular pH is more acidic than the extracellular one by activation of voltage-dependent Ca 2ϩ channels in the same neurons (Ϫ47 mV). (2) A delay of Ն0.6 s is observed 0.2 units), it may be estimated that the driving force for Cl Ϫ entry at the peak of the response, that is, the between the onset of muscimol application and the first signs of Ca i rise ( Figures 1B, 1C, and 6A with the estimate derived from the volume increase (10 mOsm/s; local estimate in dendrites). Differences be-A variant of the depolarization-driven Ca 2ϩ entry may be envisaged as follows. Initially, both V c , the membrane tween the rates derived from the three approaches may reflect excessive simplifications in the calculations or potential, and E GABA , the reversal potential for GABAsensitive channels, are close to Ϫ60 mV. During the first possibly a higher sensitivity of dendrites than soma to osmotic tension. In any case, given the delay of the Ca i phase of the response, the conductance associated with GABA A channels dominates, and V c equals E GABA , which response to synaptic stimulation (0.9 s), it appears that the osmotic response is triggered by a comparatively lies between E Cl and E HCO3 . The driving force for Cl Ϫ ions is inward because E HCO3 is much more depolarized than small stimulus, of the order of 1-10 mOsm. The above discussion equates the osmolarity increase E Cl (Kaila and is similar to that elicited by muscimol and that pretreatment with a hypertonic solution blocks the muscimol rewaves, was proposed to derive from the G proteindriven production of inositoltrisphosphate, while a secsponse.
The evidence backing the osmotic hypothesis is not ond phase depended on extracellular Ca
2ϩ
. It remains to be seen whether these two phases correspond to the definitive, and alternative possibilities may be considered. Thus, the acidification that accompanies the Cl i two phases that were distinguished in the Ca i responses to muscimol in the present work. The broad similarity rise could induce a rise in the intracellular Na ϩ concentration due to the activity of the Na-H exchanger, and of the response with that elicited by activation of mGluRs in hippocampal pyramidal cells (Nakamura et al., 1999 ) the Na i rise in turn could elevate Ca i due to the activity of the Na-Ca exchanger. But it is doubtful whether the would fit with the above proposal of an inositoltrisphosphate-mediated mechanism for the first phase. Conkinetics of the exchangers could be sufficiently fast to account for the rapid rise of the observed Ca i response.
cerning the second phase, we find that it is selectively inhibited by application of either nimodipine or ryanoAssuming a 5:1 permeability ratio for Cl under resting conditions at various z levels in order to place the plane of focus exactly at the largest diameter level. Under such Experimental Procedures conditions, any unwanted movement in the vertical direction would contribute to decrease the apparent dendrite diameter; therefore, Preparation and Recording Solutions the diameter increase that was found cannot be attributed to such Slices (180 m thick) were prepared from the vermis of cerebella a movement. taken from rats aged 11-20 days. MLIs were identified as described (Llano and Gerschenfeld, 1993) . During recordings, the slices were Using BK Channels for a Simultaneous Estimate perfused (1.5 ml/min) with a saline containing 125 mM NaCl, 2.5 mM of Membrane Potential and Ca i Changes KCl, 1.25 mM NaH 2 PO 4 , 26 mM NaHCO 3 , 2 mM CaCl 2 , 1 mM MgCl 2 , Cell-attached recordings of single K ϩ channels have been previously used as a noninvasive method to measure the mean membrane and 10 mM glucose, equilibrated with a 95% O 2 /5% CO 2 mixture potential of a cell, V c (Zhang and Jackson, 1993). Here we combined a distance of about 100 m from the recorded cell; the pipette position and stimulation voltage were modified until a GABAergic this with an estimate of Ca i . For this purpose, the recording pipette is filled with a K ϩ -rich solution (see composition above), such that response was obtained either in the cell-attached mode (Chavas and Marty, 2003) or during the brief whole-cell recording time (1-2 the reversal potential of K ϩ -selective channels that might be contained in the membrane patch is very close to 0 mV ( Figure 3A) . We min), which was necessary for dye loading ( Figure 8A ). Once these conditions were determined, the position of the pipette and stimulafound that virtually all patches of MLIs contain several BK channels, which are particularly convenient for such measurements because tion voltage were kept constant. they display a high unitary conductance. In addition, we made use of the fact that BK channels are sensitive to Ca i . In a first set of Acknowledgments experiments, we applied voltage pulses to the pipette (potential V p ), and we monitored the corresponding single-channel amplitudes for This work was begun in the Arbeitsgruppe Zellulä re Neurobiologie BK channels (called i hereafter; Figure 3B 
